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(54) Synchronization of multiple 
stream liquid application proc- 
esses 

(57) A program controlled multiple 
stream liquid application process 
and apparatus in which longitudinal 
asynchronism between the applica- 
tion of the portions of liquid is 
reduced by intermittently or contin- 
uously detecting the emission of a 
test stream at each liquid applica- 
tion station, generating, in response 



to said detection, an electrical sig- 
nal indicating the time of emission 
of each test stream compared with 
one or more reference times and 
thereby generating a correction sig- 
nal indicative of the extent of longi- 
tudinal asynchronism, and modify- 
ing the program control in response 
to the correction signal. In a sepa- 
rate aspect, multiple stream liquid 
application apparatus includes 
means (42, 44, 48) coupling the 
conveyor (12) and the liquid appli- 
cator means (22) so that lateral 
displacement of the conveyor (12) 
induces a corresponding displace- 
ment of the liquid applicator means 
(22). 
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Synchronization of multiple stream liquid 
application proc sses 

5 

FIELD OF THE INVENTION '"'^ 
This application relates broadly to processes 
of the kind in which one or more portions of a 
liquid such as liquid dye are successively 
1 0 applied to a lengthwise moving strip in one or 
more respective sets of multiple streams at 
liquid application stations spaced apart along 
the strip in its direction of travel. The strip 
may be continuous or discontinuous. 

15 

BACKGROUND OF THE INVENTION 

Processes of this kind have been found to 
be especially suited to the dyeing of travelling 
carpet webs and are so exemplified in United 

20 States patents 2218811, 3393411, and 
4033154, in United Kingdom patent 
1 202345, and in the present applicant's co- 
pending patent application 79 18663, Serial 
no. 2022017. In these prior arrangements, 

25 each dye application station comprises a 
multiplicity of individual nozzles each giving 
rise to a discrete stream directed towards the 
passing carpet. The streams are typically com- 
puter controlled so that the portions of dye 

30 applied by the succession of stations are com- 
plementary and thereby give rise to a predet- 
ermined pattern. It will be appreciated that an 
accurately resolved pattern will be obtained, 
and maintained, only if there is a precise and 

35 on-going synchronism between the carpet 
movement and the dye applications. Syn- 
chronization is required longitudinally between 
the respective dye applications and laterally 
between the positions of the carpet and the 

40 nozzles at each application station. 

Approximate longitudinal synchronism is 
achieved by clocking pattern application with 
respect to carpet speed and thereby retarding 
dye application at each station relative to dye 

45 applications at each preceding station to 
match the time taken for a carpet increment 
to travel between the stations. However, it is 
found that the precise delay time is dependent 
not solely upon carpet speed but more finely 

50 upon the relative dye pressures at the applica- 
tion stations, which in turn are determined, 
inter alia, by dye viscosity and by the propor- 
tion of nozzles simultaneously applying dye. 
At the commencement of a print run, these 

55 variables will be determined by the actual dye 
chosen, by atmospheric conditions and by the 
nature of the pattern to be produced. 

At present, fin synchronization to correct 
for dye pressure variations is carri d out by 

60 manual adjustment of the retard time for each 
station on the basis of experienced operator 
observation, which is time consuming and 
entails not insignificant carpet wastage, espe- 
cially where pattern changeover is carried out 
65 with continuously moving carpet. Moreover, 



on a long r run, fine asynchronism may arise 
when, for example, ambient temperature 
changes affect dy pr ssur s diff rently. 

70 SUMMARY OF THE INVENTION 
" l * It is ah object of the invention to provide an 
improved method and apparatus for achiev- 
ing, and if necessary maintaining, longitudinal 
synchronism of the successive liquid applica- 

75 tions in multiple stream liquid application 
processes. 

The invention accordingly provides a proc- 
ess for applying a liquid such as liquid dye to 
a moving strip wherein two or more portions 
80 of liquid are successively applied in respective 
sets of multiple streams at liquid application 
stations spaced apart along the strip in its 
direction of travel, which multiple streams are 
selectively controlled by programmable elec- 
85 tronic control whereby said portions once ap- 
plied are complementary so as to give rise to 
a pattern on the strip, wherein longitudinal 
asynchronism between the application of the 
portions of liquid is reduced by intermitiently 
90 or continuously detecting the emission of a 
test stream of liquid at each station, generat- 
ing, in response to said detection, an electrical 
signal indicating the time of emission of each 
test stream with one or more reference times 
95 and thereby to generate a correction signal * 
indicative of the extend of said longitudinal 
asynchronism, and modifying said selictive 
control of the multiple streams in response to 
said correction signal whereby to reduce said 
100 asynchronism. 

Said reference times, may be a base time 
and/or may include the time of emission of 
another of said test streams and/or may in- 
clude the pattern base time for the first liquid 
105 application. 

The invention also provides apparatus for 
applying liquid such as a liquid dye to a J 
moving strip comprising:- 
a plurality of spaced liquid application sta- 
1 1 0 tions each including an array of multiple open- 
ings arranged above and transversely of the 
conveyor means; 

conveyor means for carrying a strip succes- 
sively past said liquid application stations; 
115 means including a programmable electronic 
control for selectively controlling the succes- 
sive application of portions of liquid to the 
strip in respective sets of multiple streams at 
the liquid application stations, whereby said 
120 portions once applied are complementary so 
as to give rise to a pattern on the strip; 
means at each dye application station for 
mitting a respectiv test str am of liquid f r 
th station; 

1 25 m ans for detecting said test stream and 
generating in respons thereto an electrical 
signal indicating the time of its emission; 

means for r c iving said signals and com- 
paring the time of emission of each t st 

1 30 stream with one or mor refer nee times 
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thereby to generat a correction signal indica- 
tive of the xtent of said longitudinal asyn- 
chronism; and 
m ans coupl d to or forming part of said 
5 electronic control for modifying said selective 
control of the multiple streams in response to*- - 
said correction signal whereby to reduce said 
asynchronism. 
The detecting means may comprise photo- 

1 0 responsive devices arranged to be triggered 
by passage of a respective one of the test 
streams. The test stream may be a liquid 
droplet and the steps of the inventive process 
may be repeated with test emission of each 

15 droplet of a controlled series of droplets. In 
this way, ongoing monitoring for asynchron- 
ism can be carried out. 

Preferably, said means for emitting the test 
streams comprises respective dedicated test 

20 nozzles associated with the dye application 
stations. These test nozzles may be spaced 
from the associated liquid application stations 
at a known position but are preferably them- 
selves spaced by distances similar to the sepa- 

25 rations of the stations. Advantageously, the 
respective detecting means are at a common 
distance below the test nozzles, preferably at 
positions corresponding to that of the moving 
strip. 

30 The comparison and modifying means may 
form part of said programmable electronic 
control, which control is connected to continu- 
ously receive signals from the various detec- 
tion means and, on a substantially continuous 

35 basis, to effect the aforementioned compari- 
sons and modifications as part of its program 
controlled task. The reference data for deter- 
mining requisite adjustments on the basis of 
the comparisons may be supplied to the con- 

40 trol either as part of the program or alterna- 
tively, by way of adjustable-input hardware 
components. 

Whereas longitudinal synchronization in- 
volves adjustment of time delay factors with a 

45 view to balancing variations in physical pa- 
rameters, lateral synchronization calls for a 
somewhat different approach. In this case, the 
difficulty is simply one of minimising or com- 
pensating for slight displacement of each 

50 bank of nozzles relative to the underlying strip 
such as carpet web. It is found in practice that 
lateral displacement of the carpet on its con- 
veyor does not occur to any appreciable ex- 
tent and thus it is believed that the primary 

55 source of pattern asynchronism in the lateral 
direction is slight movement of the conveyor 
relative to the nozzles. 

The invention also provides apparatus f r 
applying liquid to a moving strip comprising:- 

60 a conveyor for guiding a strip past a liquid 
application station; 

liquid applicator means at the station ex- 
tending laterally of th c nveyor for applying 
liquid in multiple streams to a strip carried 

65 thereby which applicator m ans is moveable 



laterally of the conveyor; and 

means coupling the conv yor and th liquid 
applicator means wh reby lateral displace- 
ment of the conveyor induces a corresponding 

70 displacement of the liquid applicator means. 

^ The coupling means may include the fol- 
lower block slidably engaging a lateral margin 
of the conveyor. Preferably, the follower block 
is biased against said margin by an adjustably 

75 spring-loaded centering device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be further described, b> 
way of example only, with eference to the 
80 accompanying drawings, in which: 

Figure 7 is a schematic view of carpet 
dyeing apparatus to which the present inven- 
tion is applicable. 

Figure 2 is an elevational schematic en- 
85 largement of part of a nozzle board depicting 
a test nozzle and associated detector; 

Figure 3 is a simpified block circuit diagram 
indicating how longitudinal synchronism is 
obtained, and maintained, in use of the appa- 
90 ratus of Fig. 1 incorporating the features 
shown in Fig. 2; and 

Figure 4 is a partially sectioned elevation of 
one end of a liquid application station depict- 
ing the preferred arrangement for minimising 
95 lateral asynchronism. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The apparatus 1 0 represented schematically 

100 in Fig. 1 comprises a conveyor in a form of a 
wire mesh belt 1 2 supported on spaced rol- 
lers, two of which are shown at 1 4, 1 5, and 
on longitudinally extending runners (not 
shown). One of the rollers is driven (by means 

105 not shown) so that a strip of carpet 1 6 may 
be carried longitudinally past a succession of 
dye application stations. In this instance, for 
purposes of clarity, only two stations 18, 1 8a 
are illustrated but typically there might be of 

1 1 0 the order of six stations. 

Each of the dye application stations 18, 
1 8a includes an array of nozzles 20 extending 
transversely of and above the conveyor. These 
nozzles are supported in a nozzle board 22 

1 1 5 and are supplied with dye liquor from a mani- 
fold 24 by way of respective solenoid flow 
valves 26 and flexible tubes 27. A master 
control 28 (Fig. 3) includes valve control 
circuitry 28a programmable to open and close 

1 20 the control valves to thereby selectively con- 
trol multiple streams issuing from the nozzles 
20 in accord with the pattern desired to be . 
produced on the trav Ming carpet. 

In a modification in accord with applicant's 

125 co-pending application 79 18663, (Serial N . 
2022017), rather than providing an individual 
valve for each nozzle 20, ach valve suppli s 
a distributor conn ct d to several nozzles in a 
respective group of nozzles, the arrangement 

1 30 b ing such that ne r m r r peats of the 
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pattern occur across the carpet. In this case, 
the lengths of the fluid lines which connect 
the nozzl s of each group to its distributor are 
substantially equal. It should also be appreci- 
5 ated that while direct valve control of the 
liquid' stream-is"implied : in Fig. 1, control may 
be indirect, such as by way of valved control 
of a deflection fluid jet for each issuing liquid 
stream. 

1 0 Each dye application station applies dye 
liquor of a particular chosen colour and the 
portions of dye deposited at the respective 
dye application stations are intended once 
supplied to be complementary so as to give 

1 5 rise to a chosen pattern on the strip of carpet. 
It will be appreciated that for a given longitu- 
dinal increment of the carpet, dye application 
to that increment by stations downstream of 
the first must be retarded in time with respect 

20 to application of dye to the increment by the 
first station, which time allows the increment 
to travel from one station to the next. For this 
reason, appropriate retard times are built in to 
the pattern program and the transmission of 

25 pattern data to control switches for the valves 
is clocked with respect to the travel of the 
conveyor belt 1 2. However, for each particu- 
lar print run, differing dye pressures, in turn 
determined by, inter alia, dye viscosities and 

30 the proportion of nozzles simultaneously ap- 
plying dye may affect the accuracy of the 
retard times provided for, and pattern resolu- 
tion may thereby be adversely affected. 
To assist in correcting for this fine longitudi- 

35 nal asynchronism on commencement of a 
print run, and then maintaining synchronism 
as the run proceeds, the apparatus of Fig. 1 is 
modified as shown in Figs. 2 and 3. A 
dedicated test nozzle 29, 29a for each station 

40 is mounted on a bracket 31, 31a laterally of 
the respective nozzle boards and the master 
control is provided with a mode 35 by which 
the test nozzles of the successive dye applica- 
tion stations may be caused to emit test 

45 streams of dye liquor, comprising a regular 
succession of droplets. The test nozzles 29, 
29a are typically arranged outside the lateral 
margins of the carpet but this is not strictly 
necessary. Disposed below each test nozzle is 

50 a two-part detector 30, 30a which is photo- 
sensitive to the passage of the front of a test 
stream, which may be a single droplet from 
the nozzle. Preferably, these detectors are 
uniformly displaced, preferably between 6 and 

55 10 mm, below the nozzles, and are positioned 
at approximately the level of the carpet, with 
the test nozzles at the same height as the 
print nozzles 20. 
Once master control 28 is operative in th 

60 test mode, dye is emitted from the two test 
nozzles as a sequence of droplets and the 
fronts of the successiv droplets ar detected 
by detectors 30, 30a. Output signals g ner- 
ated by the det ctors, which signals indicate 

65 the times of emission of the r spective test 



streams or droplets are fed back to the con- 
tr I, specifically to comparators 34 forming 
part of the control. One of two comparisons 
may be made: either the time between the 

70 detection of the test streams at detectors 30, 
30a is compared with a nominal timeorthe- 
time elapsed before each detection is 
individually compared with a respective nomi- 
nal time, such nominal times being supplied 

75 by the program by way of valve cont.ol circui- 
try 28a and assuming no dye pressure varia- 
tions. The tir«.e unit is of course dependent on 
conveyor movement, as sensed by a trans- 
ducer 37 associated with the conveyor. 

80 Output correction signals generated by com- 
parators 34, such signals being indicative of 
the extent of longitudinal asynchronism, pass 
to adjustment circuitry 33 for modifying the 
selective control of the multiple dye streams 

85 issued at nozzles 20 whereby to reduce the 
asynchronism. This is essentially achieved by 
adjusting programmed retard times applied to 
the valve control circuitry. The process is 
carried out until longitudinal synchronism is 

90 obtained at the commencement of a print run 
and is then automatically continued during 
the run to ensure minimization of asynchron- 
ism. Such may arise, for example, in a longer 
print run as temperature changes affect dye 

95 viscosities to varying extents. In practice, a 
test stream in the form of a discrete droplet is 
emitted at the rate of between 3 and 6 per 
repeat of the pattern, perhaps every 1 5cms of 
carpet travel. 
100 An important advantage of the invention is 
the elimination of visually based manual syn- 
chronization. Even for a skilled opera;or, this 
is a time consuming operation. Where it is 
desired to changeover pattern without stopp- 
105 ing carpet movement, the invention minimises 
the time taken and therefore the wastage of 
carpet. 

Fig. 4 shows a further modification of the 
apparatus of Fig. 1 by which one end of each 

110 nozzle board 22 is coupled to the conveyor 
belt 1 2 so as to largely alleviate lateral asyn- 
chronism between the respective components. 
The drawing shows only one end of one 
nozzle board but is representative of similar 

115 arrangements found at one of each of the 
nozzle boards of the other dye application 
stations. 

As shown, nozzle board 22 carries at its 
end a ball bushing 40 for slidably mounting 

120 the board to an upright shaft 42. Bushing 40 
is necessary because the nozzle board is nomi- 
nally vertically adjustable between its print 
and n utral modes, as d tail d in applicants 
co-p nding patent application 79 18663 (S r- 

1 25 ial N 202201 7). Shaft 42 is screw threadin- 
gly engaged at its low r nd with a follower 
block 44 which in turn carries on it 3 insid 
fac a wear strip 46 of a material such as 
poly thyl n . Block 44 ext nds about 30cm 

1 30 along th margin f th c nveyor. Wear strip 
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46 is slotted at 48 to slidably receiv a 
protruding marginal formation 50 on the con- 
veyor belt. Block 46 is biased against th 
margin of the belt by a second, adjustably 
5 spring loaded centering device 51. Device 51 
-"-'-includes -a shaft 52 which is also screw 
threadingly engaged with the follower block 
and is slidable by way of a ball bushing 54 
within a sleeved housing 56 fastened in aper- 

1 0 ture 58 in a side plate 60 of the machine 
frame. A head 62 on the outer end of shaft 
52 within housing 56 engages a helical com- 
pression spring 64, the tension of which is 
adjustable by rotation of a screw 66 threadin- 

1 5 gly displaceable through the outer end wall of 
housing 56. 

It will be noted that the two shafts 42, 52 
carry nuts 68 for adjustably setting their posi- 
tions relative to the follower block. 

20 .. It will be appreciated that the coupling 
arrangement just described, will serve to pro- 
vide edge guiding for centering the conveyor 
belt to accurately transmit to the nozzle board 
any lateral conveyor belt movement which 

25 does occur. Specifically, it will be seen that 
lateral displacement of the conveyor belt in- 
duces, through follower block 46 and upright 
coupling shaft 42 a corresponding lateral dis- 
placement of the nozzle board 22. To permit 

30 this displacement, the nozzle board is prefera- 
bly coupled to its vertical displacement system 
by way of one or more, typically two, sliding 
bearings (not shown). 

35 CLAIMS 

1 . A process for applying a liquid such as 
liquid dye to a moving strip wherein two or 
more portions of liquid are successively ap- 
plied in respective sets of multiple streams at 

40 liquid application stations spaced apart along 
the strip in its direction of travel, which multi- 
ple streams are selectively controlled by pro- 
grammable electronic control whereby said 
portions once applied are complementary so 

45 as to give rise to a pattern on the strip, 
wherein longitudinal asynchronism between 
the application of the portions of liquid is 
reduced by intermittently or continuously de- 
tecting the emission of a test stream of liquid 

50 at each station, generating, in response to 
said detection, an electrical signal indicating 
the time of emission of each test stream with 
one or more reference times and thereby to 
generate a correction signal indicative of the 

55 extent of said longitudinal asynchronism, and 
modifying said selective control of the multi- 
ple streams in response to said correction 
signal whereby to reduc said asynchronism. 

2. A process according to claim 1 wh rein 
60 said reference times include the time of emis- 
sion of another of said test streams. 

3. Apparatus for applying liquid such as a 
liquid dye to a moving strip comprising:- 

a plurality of spaced liquid application sta- 
65 tions each including an array of multiple open- 



ings arrang d ab ve and transversely of the 
conveyor means; 

conveyor means for carrying a strip succes- 
sively past said liquid application stations; 

70 means including a programmable electronic 
control for selectively controlling the succes- 
sive application of portions of liquid to the 
strip in respective sets of multiple streams at 
the liquid application stations, whereby said 

75 portions once applied are complementary so 
as to give rise to a pattern on the strip; 

means at each dye application station for 
emitting a respective test stream of liquid for 
the station; 

80 means for detecting each test stream and 
generating in response thereto an electrical 
signal indicating the time of its emission; 

means for receiving said signals and com- 
paring the time of emission of each test 

85 stream with one or more reference times, 
thereby to generate a correction signal indica- 
tive of the extent of said longitudinal asyn- 
chronism; and 

means to coupled to or forming part o x said 

90 electronic control for modifying said selective 
control of the multiple streams in response to 
said correction signal whereby to reduce said 
asynchronism. 

4. Apparatus according to claim 3 wherein 
-95 said test-stream emitting means comprise re- 
spective dedicated test nozzles associated with 
the dye application stations. 

5. Apparatus according to claim 4 wherein 
the test nozzles are mounted separately from 

1 00 nozzles defining said multiple openings of the 
dye application stations. 

6. Apparatus according to claim 4 or 5 
wherein the detecting means are disposed at a 
uniform distance below the respective test 

105 nozzles. 

7. Apparatus according to any one of 
claims 3 to 6 wherein said comparison and 
modifying means form part of said program- 
mable electronic control, which control is con- 

110 nected to continuously receive signals from 
the various detection means, and on a sub- 
stantially continuous basis, to effect the said 
comparisons and modifications as part of its 
program controlled task. 

115 8. Apparatus according to any one of 
claims 3 to 7 wherein said selective control 
means includes multiple remote controllable 
valve means actuable by said programmable 
electronic control and disposed in fluid lines 

1 20 between liquid reservoir means for each appli- 
cation station and the multiple openings of 
that station, there being further provided a 
multiplicity f fluid distributors in said fluid 
flow lin s between th valve means and the 

125 openings whereby ach valve means controls 
liquid issu from a r spectiv group of associ- 
at d openings so arranged in relation to the 
other groups that one or more repeats of said 
patt rn occur acroos said strip, the lengths of 

1 30 the fluid lines which connect the openings of 



each group to its distributor being substan- 
tially equal. 

9. Apparatus for applying liquid to a mov- 
ing strip comprising:- 

5 a conveyor for guiding a strip past a liquid 
application station; 

liquid applicator means at the station ex- 
tending laterally of the conveyor for applying 
liquid in multiple streams to a strip carried 
10 thereby which applicator means is movable 
laterally of the conveyor; and 

means coupling the conveyor and the liquid 
applicator means whereby lateral displace- 
ment of the conveyor induces a corresponding 
1 5 displacement of the liquid applicator means. 

1 0. Apparatus according to claim 9 
wherein the coupling means including a fol- 
lower block slidably engaging a lateral margin 
of the conveyor, which follower block is bi- 

20 ased against said margin by an adjustably 
spring-loaded centering device. 

11. A process for applying a liquid such 
as liquid dye to a moving strip substantially as 
hereinbefore described with reference to the 

25 accompanying drawings. 

1 2. Apparatus for applying liquid such as 
a liquid dye to a moving strip substantially as 
hereinbefore described with reference to Figs. 
1 to 3 or to Figs. 1 and 4 of the accompany- 

30 ing drawings. 
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